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ABSTRACT
Objective: To evaluate the treatment effects of a hybrid hyrax-facemask (FM) combination in
growing Class III patients.
Material and Methods: A sample of 16 prepubertal patients (mean age, 9.5 6 1.6 years) was
investigated by means of pre- and posttreatment cephalograms. The treatment comprised rapid
palatal expansion with a hybrid hyrax, a bone- and toothborne device. Simultaneously, maxillary
protraction using an FM was performed. Mean treatment duration was 5.8 6 1.6 months. The
treatment group was compared with a matched control group of 16 untreated Class III subjects.
Statistical comparisons were performed with the Mann-Whitney U-test.
Results: Significant improvement in skeletal sagittal values could be observed in the treatment
group over controls: SNA: 2.4u, SNB: 21.7u, Co-Gn: 22.3 mm, Wits appraisal: 4.5 mm. Regarding
vertical changes, maintenance of vertical growth was obtained as shown by a small nonsignificant
increase of FMA and a small significant decrease of the Co-Go-Me angle.
Conclusions: The hybrid hyrax-FM combination was found to be effective for orthopedic treatment
in growing Class III patients in the short term. Favorable skeletal changes were observed both in
the maxilla and in the mandible. No dentoalveolar compensations were found. (Angle Orthod.
0000;00:000–000.)
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INTRODUCTION
Maxillary protraction using a facemask (FM), intro-
duced by Delaire, has proven to be effective in Class III
patients showing a maxillary deficiency.1–3 There is
evidence that this method is particularly efficient during
the early developmental phases.4–6 The most efficient
treatment time seems to be in the early mixed dentition,7
although some studies also report good outcomes when
treatment is started in the late mixed dentition.8
Usually, orthopedic forces for maxillary protrusion
are applied via tooth-borne devices. A side effect of
this approach is a mesial migration of the maxillary
posterior teeth and a constriction of the space for the
maxillary canines.9 This unwanted mesialization also
seems to reduce the skeletal response to maxillary
protraction.10
To overcome these drawbacks, application of orthope-
dic forces directly to the bone might be beneficial.
Miniplates have already proven to be effective in maxillary
protraction and to withstand the orthopedic forces in
controlled studies.11,12 There is still no evidence, however,
whether mini-implants are as reliable as miniplates.
FM therapy is often combined with rapid maxillary
expansion (RME). Regarding the advantages of RME
before maxillary protraction, the results have been
controversial. Baik13 reported statistically significant
differences in treatment outcomes depending on
whether RME was performed in combination with FM.
Larger forward (1.0 mm) and downward (0.5 mm)
movement of point A was observed in the expansion
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group. In a meta-analysis, Ja¨ger et al.7 identified a
greater effect of maxillary protraction after RME. In a
randomized clinical trial, however, Vaughn et al.14 found
no statistically significant differences between groups
treated with FM and with or without RME in any of the
measured cephalometric variables. Similar results were
reported in a recent investigation by Tortop et al.15
Skeletal anchorage of the RME device may help
minimize the side effects caused by tooth-borne
appliances such as buccal tipping, gingival recession,
and root damage. However, the forces encountered
during RME can reach very high levels that challenge
the stability of skeletal anchorage devices. Some of
the purely bone-borne RME devices16,17 have an
unusually sturdy and bulky design. The need for
invasiveness is high, since a flap has to be raised for
insertion and removal. A higher risk of root lesions and
infections has been described as well.16
In this study, a tooth- and bone-borne expander, the
hybrid hyrax, was used.18,19 This device includes two
orthodontic mini-implants in the anterior palate for
skeletal anchorage and it is also attached to the first
molars. By using this device, the above-mentioned
side effects of RME can be minimized.19 It can be also
used for maxillary expansion and simultaneous
protraction.19,20 Within the limits of a pilot study, it
showed high stability and efficacy.20 However, the
clinical performance of mini-implant-borne devices for
maxillary expansion and protraction has not yet been
assessed in a controlled study.
The aim of this controlled study was to evaluate the
treatment effects of a hybrid hyrax-FM combination in
growing Class III patients.
MATERIALS AND METHODS
This study was approved by the ethics committee of
The University of Du¨sseldorf. Sample size calculation
(power analysis) was based on the results of a
previous pilot study.20 Given a significant increase in
SNA of 2.0u with a standard deviation of 1.9u, an alpha
level of 0.05, and a power of 0.80, the required sample
size was calculated to be 16 subjects in the treatment
and control groups, respectively.
Consequently, 16 consecutively treated patients (10
males and 6 females) of white ancestry with dento-
skeletal Class III malocclusion were included in the
treatment group. All patients were treated in the same
clinic using the hybrid hyrax-FM combination. Thera-
peutic success at the end of the observation period
was not a determining factor for inclusion or exclusion
of patients.
Lateral cephalograms were available for all subjects
at the start (T1) and at the end (T2) of active treatment.
Mean age at T1 was 9.5 6 1.6 years, mean age at T2
was 10.4 6 1.5 years, and the mean T1–T2 interval
was 0.9 6 0.4 years. At T1, all patients had a Class III
malocclusion in the mixed dentition characterized by a
Wits appraisal of 22 mm or less (mean, 25.6 6
2.2 mm), anterior crossbite or incisor edge-to-edge
relationship, and a Class III molar relationship. All
patients showed a prepubertal stage of skeletal
maturity according to the cervical vertebral maturation
method (CS1-3),21 both at T1 and at T2.
A control group of 16 untreated subjects (8 males
and 8 females) with dentoskeletal Class III malocclu-
sion was obtained from the departments of orthodon-
tics at the University of Florence, Italy, and the
University of Michigan.22 The mean age at T1 was
9.46 1.1 years, mean age at T2 was 10.46 1.1 years,
and the mean T12T2 interval was 1.0 6 0.3 years.
The control group matched the treatment group as to
type of dentoskeletal disharmony, skeletal maturation
at each time point, sex distribution, and mean duration
of observation intervals.
Treatment Protocol
A hybrid hyrax device was inserted in all patients of
the treatment group (Figure 1a). Two 2 3 9-mm mini-
implants (Benefit mini-implants; PSM Medical Solu-
tions; Tuttlingen, Germany) were inserted in the
anterior palate on both sides of the midpalatal suture.
Predrilling was not necessary in these young pa-
tients.18 The implants were angled approximately
parallel to each other. The laboratory-fabricated
appliance comprised a split palatal screw (Hyrax,
Dentaurum, Ispringen, Germany), two orthodontic
bands fitted to the first molars, and two abutments
screwed to mini-implants. These components were
connected by rigid stainless steel wire 1.5 mm in
diameter. For application of orthopedic protraction
forces, rigid sectional wires were welded to the
buccal side of the molar bands (stainless steel;
diameter, 1.2 mm). The hooks in the canine region
allowed the line of force to be close to the center of
resistance of the maxilla, using the elastics for
protraction.
RME was performed by activating the split screw by
90u turns four times a day, resulting in an expansion of
0.8 mm per day (Figure 1a,b). Activation was contin-
ued until a transverse overcorrection of 30% was
achieved.
Maxillary protraction was started simultaneously
with the RME. The FM was adjusted and elastics were
applied with a downward and forward force vector
having an inclination of 20u–30u to the occlusal plane.
The elastics delivered 400 g of force, controlled by a
force gauge, on each side. The patients were
instructed to wear the FM 16 hours per day.
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Cephalometric Analysis and Method Error
A customized digitization regimen and analysis
provided by Viewbox 3.0 (dHAL Software, Kifissia,
Greece) was utilized for all the cephalograms exam-
ined in this study. The customized cephalometric
analysis comprising measurements from the analyses
of Jacobson,23 McNamara,24 and Steiner25 generated
24 variables, 11 angular and 13 linear, for each tracing.
Within a week, randomly selected cephalograms
were remeasured by the same operator to determine
the method error. The measurements at both times for
each patient were analyzed with the intraclass
coefficient correlation, which varied from 0.966 for
SNB to 0.995 for the inclination of the maxillary incisor
to the Frankfort horizontal plane. These values
indicated a high level of intra-observer agreement.
Linear measurement errors averaged 0.3 mm (SD,
0.8 mm), and angular measurements averaged 0.4u
(SD, 0.6u).
Statistical Analysis
Homogeneity between the treatment and control
groups allowed for comparisons without annualizing the
data. In an exploratory analysis by the Shapiro-Wilk
test, the data did not show normal distribution.
Therefore, nonparametric statistics were applied. Sig-
nificant differences between the cephalometric vari-
ables at T1 (comparison of starting forms) and during
the T1–T2 interval in the treatment vs control groups
were tested by means of the Mann-Whitney U-test. All
statistical computations were performed using statistical
software SPSS 12.0 (SPSS Inc, Chicago, Ill).
RESULTS
No significant differences were found between the
demographic data of the treatment and the control
groups. Comparison of the skeletal and dental
characteristics between patients of the treatment and
the control group showed no statistically significant
differences, except for a larger Co-Go-Me angle in the
control group (P , .05; Table 1).
Figure 1. (a) Hybrid hyrax appliance in situ. Rigid sectional wires
(stainless steel; diameter, 1.2 mm) were welded to the buccal side of
the molar bands. A hook at the canine region enables orthopedic
force application. (b) Situation after 1 week of expansion. Due to
distraction of the midpalatal suture, a diastema mediale occurred. (c)
Situation after removal of the hybrid hyrax. A modified plate was
inserted for retention of maxillary transverse width.
Figure 2. (a) Profile of an 8-year-old girl before treatment. (b) Profile
after maxillary protraction of 7 months.
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In the treatment group, all the mini-implants
remained stable throughout treatment. RME was
performed without complications in all patients, with a
midpalatal suture opening shown by the appearance of
a midline diastema after a few days. FMs were worn
without interruption by abrasions or pressure points.
Significant differences caused by active treatment
were observed between T1 and T2 by comparing the
two groups (Table 2). Regarding advancement of the
maxilla, SNA and Point A to nasion perpendicular
showed significant increases of 2.4u and 2.4 mm,
respectively, in the treatment group over the controls.
Moreover, the treatment group exhibited a significant
decrease in the length and sagittal position of the
mandible compared with the control group (CoGn,
22.3 mm and SNB, 21.7u). Both effects led to
significant changes in the sagittal maxillomandibular
relationship. In the treatment group, the Wits appraisal
increased by 4.5 mm and the ANB angle improved by
4.1u compared with the control group.
Regarding the vertical skeletal measurements, only
the Co-Go-Me angle decreased significantly (2.0u) in
the treatment sample vs the control sample. The other
skeletal vertical values showed no significant differ-
ences between groups.
Treatment effects also occurred in the interdental
measurements. Both overjet and molar relationship
improved significantly (3.2 mm and 23.1 mm, respec-
tively) in the treatment group over controls. No significant
differences between groups could be found in overbite or
inclination of the maxillary and mandibular incisors.
DISCUSSION
This investigation is the first controlled study
evaluating the effectiveness of a Class III treatment
protocol employing simultaneous mini-implant-borne
Table 1. Comparison of Starting Forms at T1
Cephalometric Measures
Treated Group n 5 16 Control Group n 5 16
Statistical
SignificanceMean SD Mean SD
Cranial base
N-S-Ba (u) 125.9 6.1 128.7 5.6 NS
Maxillary skeletal
SNA (u) 80.3 5.0 78.8 5.9 NS
Pt A to nasion perpendicular (mm) 0.6 4.4 21.9 3.5 NS
Co-Pt A (mm) 81.1 4.4 82.1 5.1 NS
Mandibular skeletal
SNB (u) 80.7 3.6 80.0 4.6 NS
Pog to nasion perpendicular (mm) 2.2 6.5 20.7 5.4 NS
Co-Gn (mm) 108.3 6.4 111.6 6.3 NS
Maxillary/mandibular
Wits (mm) 25.6 2.2 27.4 3.4 NS
Maxillary/mandibular difference (mm) 27.2 4.5 29.5 5.1 NS
ANB (u) 20.3 2.8 21.2 2.7 NS
Vertical skeletal
FH to palatal plane (u) 21.2 3.0 20.9 2.4 NS
FH to mandibular plane (u) 26.3 6.4 28.8 3.7 NS
Palatal plane to mandibular plane (u) 27.5 5.5 29.7 4.1 NS
N-Me (mm) 111.0 6.7 112.9 7.3 NS
ANS to Me (mm) 64.1 5.8 63.8 5.0 NS
Co-Go (mm) 48.6 4.8 48.9 6.3 NS
Co-Go-Me (u) 130.4 6.7 135.6 3.0 *
Interdental
Overjet (mm) 21.9 2.6 22.2 2.4 NS
Overbite (mm) 1.2 2.8 1.2 1.8 NS
Molar relationship (mm) 5.0 2.2 5.5 1.9 NS
Interincisal angle (u) 143.6 14.8 139.3 10.3 NS
Maxillary dentoalveolar
U1 to FH (u) 109.9 9.2 112.3 5.7 NS
U1 to palatal plane (u) 105.9 10.2 111.4 6.2 NS
Mandibular dentoalveolar
L1 to mandibular plane (u) 83.1 6.7 79.6 8.0 NS
* P , 0.05; NS 5 Not significant, Pt A5 Point A; Pog 5 Pogonion; FH 5 Frankfort Horizontal; U1 5 Upper central incisor; L1 5 Lower central
incisor.
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maxillary expansion and protraction. Specific features
of the study were (1) inclusion of consecutively treated
Class III patients; (2) a control group of untreated
subjects matching the treatment group as to type of
dentoskeletal disharmony, skeletal maturation at each
time point, sex distribution, and mean duration of
observation intervals; and (3) treatment performed
during the prepubertal stages of skeletal maturation.
Significant sagittal skeletal improvement was
achieved, as shown by changes in SNA (2.4u) and
Wits appraisal (4.5 mm) compared with the control
group. These values were found to be slightly higher
than those of conventional RME and FM therapy. In a
controlled clinical study, Westwood et al.26 found
increases of 1.6u in SNA and 4.3 mm in the Wits
appraisal. A meta-analysis of conventional maxillary
protraction reported a mean increase in the SNA angle
of 1.4u.7
Occlusal effects related to the control group,
however, appeared to be slightly higher using the
conventional approach. In the study by Westwood
et al.,26 the overjet improved by 4.8 mm compared with
the 3.2 mm in the current investigation; the molar
relationship improved by 3.8 mm compared with
3.1 mm.
But the greater occlusal effects using a dental-borne
appliance are caused by a combination of sagittal
skeletal improvement and mesial migration of the
dentition, whereas the latter was avoided by using the
hybrid hyrax. Accordingly, Celikoglu and Oktay27
observed a greater improvement of the overjet than
of the WITS appraisal using a dental-borne maxillary
protraction device, indicating a mesial movement of
the maxillary dentition.27 Koh and Chung28 compared
the treatment changes of skeletal- vs dental-anchored
FM. They also found a greater skeletal improvement in
Table 2. Comparison of Change During Treatment (T1–T2)
Cephalometric Measures
Treated Group n 5 16 Control Group n 5 16
Difference
Statistical
SignificanceMean SD Mean SD
Cranial base
N-S-Ba (u) 0.5 1.4 0.1 1.7 0.4 NS
Maxillary skeletal
SNA (u) 2.0 1.5 20.4 1.2 2.4 ***
Pt A to nasion perpendicular (mm) 1.9 1.3 20.5 1.1 2.4 ***
Co-Pt A (mm) 2.2 2.9 1.2 1.1 1.0 *
Mandibular skeletal
SNB (u) 21.4 1.6 0.3 1.3 21.7 **
Pog to nasion perpendicular (mm) 21.5 2.8 0.4 2.1 21.9 *
Co-Gn (mm) 1.1 4.0 3.4 1.7 22.3 *
Maxillary/mandibular
WITS (mm) 3.8 2.4 20.7 1.8 4.5 ***
Maxillary/mandibular difference (mm) 21.2 2.1 2.2 1.2 23.4 ***
ANB (u) 3.4 2.0 20.7 1.0 4.1 ***
Vertical skeletal
FH to palatal plane (u) 20.6 2.4 0.2 1.1 20.8 NS
FH to mandibular plane (u) 0.4 2.6 20.1 2.1 0.5 NS
Palatal plane to mandibular plane (u) 1.0 2.4 20.3 1.6 1.3 NS
N-Me (mm) 3.1 4.0 3.4 1.9 20.3 NS
ANS to Me (mm) 1.6 3.1 1.7 1.3 20.1 NS
Co-Go (mm) 0.7 3.1 2.2 3.7 21.5 NS
Co-Go-Me (u) 21.9 1.6 0.1 2.0 22.0 **
Interdental
Overjet (mm) 3.3 2.9 0.1 1.7 3.2 ***
Overbite (mm) 20.1 2.6 0.1 0.8 20.2 NS
Molar relationship (mm) 22.8 2.2 0.3 1.6 23.1 ***
Interincisal angle (u) 0.5 8.9 20.5 5.2 1.0 NS
Maxillary dentoalveolar
U1 to FH (u) 0.6 7.4 1.0 4.1 20.4 NS
U1 to palatal plane (u) 0.6 7.9 1.1 3.9 20.5 NS
Mandibular dentoalveolar
L1 to mandibular plane (u) 22.1 3.8 20.4 2.9 21.7 NS
* P , 0.05; ** P , 0.01; *** P , 0.001; NS 5 Not significant; Pt A 5 Point A; Pog 5 Pogonion; FH 5 Frankfort Horizontal; U1 5 Upper central
incisor; L1 5 Lower central incisor.
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young class III patients for the skeletal anchorage
group. The maxillary incisors were retroclined com-
pared with their inclination at treatment onset, whereas
the incisors protruded in the dental anchorage group.
All these results underline the effectiveness of skeletal
anchorage. It enhances the orthopedic outcomes with
a reduction in dental side effects.
No significant vertical effect was observed in the
palatal or mandibular plane angle with respect to FH or
in the overbite, which indicates a good adjustment of
the force vector using the extended buccal sectional
wires together with forward and downward force
direction.
Only the Co-Go-Me angle showed a significant
reduction (2.0u). This effect has already been observed
in previous studies dealing with maxillary protraction
and functional therapy in Class III patients.29,30 This
morphogenetic anterior rotation of the mandible was
effective in inducing significant decrements in mandib-
ular length.31 The force applied to the chin in a cranial
and posterior direction might be the cause. Along with
a significant decrease in the SNB angle of 1.8u, the
applied treatment protocol also seems to affect
mandibular growth in a positive way.
Miniplates have proven to withstand orthopedic
forces of maxillary protraction.12,32 In this study, the
mini-implants were also found to remain stable. This
stability might be related to the high bone quality of the
insertion site and to the stable screw coupling to the
appliance, which might lead to an increased biome-
chanical load capacity.33,34 Compared with miniplates,
the hybrid hyrax appears to be less invasive in both
insertion and removal. Mini-implants provide additional
skeletal anchorage during RME, minimizing transverse
and sagittal side effects.19
The results of this study represent short-term
treatment effects encountered immediately after active
therapy. Longitudinal studies to the end of growth are
required to evaluate the long-term effects of these
treatment modalities.
CONCLUSIONS
N The hybrid hyrax-FM combination is an effective
orthopedic treatment modality in growing Class III
patients.
N Significant advancement of the maxilla and signifi-
cant improvement in the sagittal position of the
mandible were achieved.
N The need for surgical invasiveness is lower than that
for purely bone-borne devices.
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